44
Long term observations of the order of centuries are not available for many of the glaciers in Greenland. for calculating geometrical changes in glaciers is presented. In particular, key obstacles that must be considered 55 when reconstructing a glacier from a variety of data sources are highlighted so that they can be mitigated 56 robustly both in the current and future glacier reconstruction projects.
57
Reconstructing glacier geometry changes
58
Studies considering historical glacier change over various periods, some of which also used the glacier areas 59 provided in the RGI, were included in IPCC AR5 (Vaughan et al., 2013) replaced by more stable continental conditions during the summer months (Wallén 1948 (Wallén , 1949 Wallén (1948 Wallén ( , 1949 Wallén ( , 1959 were updated via re-georeferencing by Schytt (1963 
149
We use the term georectify here to be explicit about assigning maps from previously digitized aerial photographs
150
(with original geometry therefore not projected in a known coordinate system) to the Swedish national grid 
167
Once all maps were georectified in the RT90 system they 168 were transformed to the UTM WGS 1984 zone 34N projection to which GPS coordinates from more recent 169 campaigns were easily added (the dGPS data being converted from geographic WGS84 latitude and longitude to 170 the UTM WGS 1984 zone 34N projection ).
171
Contour lines across the glacier and the glacier perimeter were then digitized and converted to points, which 172
were then interpolated to provide continuous representative glacier ice surface elevation grids.
To extend the data on the geometry of Kårsaglaciären to the present day, an aerial photograph of the glacier (Table 2) .
247
Calculation of temporal change characteristics
248
Area and hypsometry. Glacier surface area was calculated for each year using digitised glacier outlines as inputs.
249
Original aerial photographs were not available prior to the 2008 study and so the glacier outlines as identified Table 2 ). The vertical perimeter agreement of each surface is then 298 propagated using standard quadrature to provide an uncertainty in overall elevation change.
299
Ice thickness was calculated by subtracting the glacier free DEM from each glacier surface DEM. The cell by cell 300 difference between a glacier surface and the bed DEM provided a distributed ice thickness surface for each year.
301
The differences between the two surface types resulted in some values indicative of negative depths in isolated 302 regions at the margins. These uncertainties were due to combining data sets of different resolution (1:5000 to (Table 3) .
362
Over the same period the glacier retreated (Fig. 2b) by approximately 1.3 ± 0.01 km. Mean annual retreat rates 363 (Table 4) 
365
Elevation change (Fig. 3) has been predominantly negative, expressed through thinning that has been most 366 pronounced along the glacier centreline, especially in the lowermost part of the glacier (Fig. 4c) . (Fig. 2c) .
369
To quantify hypsometry changes through time ( 
385
Mass balance difference surfaces acquired from the assessment of surface elevation change between images 386 were used to calculate changes in glacier mass balance for the different mapping intervals (Fig. 4d) . (Table 4) .
391
As the glacier has retreated and lowered in elevation, there have been large changes in thickness (Table 3 and w.e. respectively (with data collected using a traditional stake network) (Bodin 1993a Rabots Glaciär (Brugger et al. 2005) . In contrast however, and as described above in the results section,
456
Kårsaglaciären has experienced thinning at both higher and lower elevations since the 1990s. 
506
The workflow used in this study analysed stress gradients along the centreline to give an approximation of Kårsaglaciären has been at a rate similar to the much larger nearby Rabots Glaciär, and the rate for both glaciers 522 had been constant through time, unlike for nearby Storglaciären. (4) Regionally, Kårsaglaciären has been 523 retreating at a faster rate than other glaciers in Sweden, however at a slower rate compared to sites in Norway.
524
combining different datasets, which regrettably to date is in general lacking from reconstructions of glacier 526 geometry, provides confidence in the assessment of glacier change from multiple data sources and we hope that 527 our approach can be followed by future equivalent studies. Table 3 . 
